Abstract
Introduction
There is growing evidence that the opening of mitochondrial permeability transition pores (MPTP) significantly contributes to cardiomyocyte death in a reperfused myocardium, and that inhibition of MPTP in the early phase of reperfusion may prevent cell death and thus reduce infarct size [1] [2] [3] [4] . The role of MPTP has also been confirmed in the clinical setting by the application of cyclosporine A at the time of reperfusion, a treatment that reduces infarct size and improves cardiac function in patients with acute myocardial infarction [4] . Although the contribution of MPTP for the reperfusion-induced myocardial injury has been intensively investigated [5, 6] Publication No. 85-23, revised 1996) .
Materials and methods

The investigation conforms to the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH
Experimental design
Cardiac myocytes were isolated from adult male Wistar rats as previously described [13] . Five hours after isolation, cardiac myocytes grown on glass cover-slips were introduced into a perfusion chamber (0.5 ml filling volume) and superfused at a flow rate of 0.5 ml/min. The buffers were transferred into the perfusion chamber through gas-tight steel capillaries.
To simulate ischemic conditions cells were exposed to simulated ischemia consisting of anoxia in combination with glucose-deprivation and acidosis (pH 6.4) as previously described [7] . After 
Determination of MPTP opening
MPTP opening was determined by analyzing the mitochondrial calcein leak as previously described [14] . For -sensitive fluorescence indicator mag-fura-2 as previously described [15] . Briefly, cardiac myocytes were loaded with mag-fura-2 ( (Fig. 3) . Reperfusion led to an initial transient recovery ⌬⌿m, which was followed by a rapid drop of ⌬⌿m between the 5th and 10th min. of reperfusion (Fig. 3) 
Mitochondrial ROS analysis
Determination of contracture and necrosis
Statistical analysis
of reperfusion in control cells (᭹) or in cells treated during reperfusion with 5 mol/l ryanodine (᭜), 100 nmol/l thapsigargine (᭛), 1 mol/l Ru360 () or 0.5 mol/l cyclosporine A (ᮀ). Data are mean Ϯ S.E.M., n ϭ 44-48 cells from five different preparations. *P Ͻ 0.05 versus control. Note that in control cells a dramatic loss of the calcein fluorescence was found between 5th and 10th min. of reperfusion indicating MPTP opening.
Fig. 3 Time course of ⌬⌿ expressed as JC-1 fluorescence ratio (590/530 nm) during 80 min. of ischemia and 20 min. of reperfusion in control cells (᭹) or in cells treated during reperfusion with 5 mol/l ryanodine (᭜), 100 nmol/l thapsigargine (᭛), 1 mol/l Ru360 () or 0.5 mol/l cyclosporine A (ᮀ). Data are mean Ϯ S.E.M., n ϭ 44-50 cells from five different preparations. *P Ͻ 0.05 versus control. Values at the beginning of reperfusion were set to 100%. The decline of the JC-1 ratio represents mitochondrial membrane depolarization. cell death. To investigate this point, ATP hydrolysis as well as resynthesis was indirectly monitored during simulated ischemia and reperfusion by analysing the intracellular Mg 2ϩ concentration
with the fluorescent dye mag-fura-2 [15] (Fig. 5) [16, 17] . Energy-dependent hypercontracture contributes to cell death, as demonstrated by studies in which pharmacological inhibition of contractility at the onset of reperfusion reduced infarct size [18, 19] 
Mitochondrial ROS formation during ischemia and reperfusion
Because ROS may significantly contribute to the MPTP opening during ischemia and reperfusion, we addressed the role ROS in our model applying the mitochondria targeted superoxide fluorescent indicator MitoSOX Red. Ischemia alone led to a slight increase in MitoSOX fluorescence, whereas reperfusion induced a marked ROS formation during the initial phase of reperfusion (Fig. 6). This increase in MitoSOX fluorescence was abolished by treatment with ROS scavengers 2-MPG (100 M) or NAC (500 M). Similarly, a treatment with the SR-inhibitors thapsigargine or ryanodine, with the MPTP-inhibitor cyclosporine A or with the MCU-inhibitor Ru360 prevented the rise in
of reperfusion in control cells (᭹) or in cells treated during reperfusion with 5 mol/l ryanodine (᭜), 100 nmol/l thapsigargine (᭛), 1 mol/l Ru360 () or 0.5 mol/l cyclosporine A (ᮀ). Data are mean Ϯ S.E.M., n ϭ 48-55 cells from five different preparations. The rise of the fura-2 ratio represents the increase of the mitochondrial Ca 2ϩ concentration.
